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INTERFERENCE OF TAIL SURFACES AND WING AND FUSELAGE FROM TESTS OF
17 COMBINATIONS IN THE N. A. C. A. VARIABLE-DENSITY TUNNEL

By ALBERT SEERWAN

SUMMARY | C. A. 0009 section at the tip. It was combined with

1 . . . .
An investigation of the interference associated with tail ! the fusclage in the standard longitudinal position,

surfaces added to wing-fuselage combinations was included | 4 e A s L 3 S St Gin ¢ e A e
in the inferference program in progress inthe N. A. C. A.; B T =
variable-density tunnel. The results indicate that, in
aerodynamically clean combinations, the increment of the
high-speed drag can be estimated from section character-
istics within useful limits of accuracy. The interference
appears mainly as effects on the downwash angle and as
losses in the tail effectiveness and varies with the geometry of
the combination. An interference burble, which markedly
increases the glide-path angle and the stability in pitch
before the actual stall, may be considered a means of
obtaining satisfactory stalling characteristics for a com-

plete combination.
INTRODUCTION

The investigation that the Committee has been con-
ducting in the variable-density wind tunnel of the
aerodynamic interference between the wing and the
fuselage (references 1 to 6) has been extended to include
the interference associated with the tail surfaces. Com-
parable data at large scale are thus made available on
the aerodynamic interference between the component
parts of related complete combinations.

Representative wing-fuselage combinations were test-
ed, to which had been added two different types of tail
surface: conventionally arranged tail surfaces of semi-
elliptical plan form and rectangular horizontal tail
surfaces with elliptical end plates. The tests were !
restricted to the conditions of zero elevator deflection
and zero yaw, and the effects of the interference on the
drag, the downwash angle, and the tail effectiveness
were mainly considered. Effects of the following
variables were studied: wing position, angle of wing
setting, form of tail surface, and form of wing-root junc-
ture. A comparison of calculated and experimental
data on the downwash angle at the tail is also included.

MODELS AND TESTS

e X Eal—t

The wing employed is the tapered wing described in Flovuse 1.—Combination 314 showing elliptical tall sarfaces.

reference 1; it is a duralumin model having an area of

150 square inches, aspect ratio 6, taper ratio 2, and | d/c=0. The fuselage is the round fuselage described

the N. A. C. A. 0018 section at the root and the N. A. | in reference 1; it is an airship form having a length of
689
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20.156 inches and & fineness ratio of 5.86. The tapered
fillets (reference 1) were carefully constructed of plaster

FI1GURE 8 —Combingation 320 showing unfilleted juncture.

of paris and were given the polished lacquer finish now
standerd for the wing-fuselage-interference investiga-
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tion (reference 5). Figures 1, 2, and 3 are photographs
of interesting combinations and show the proportions
of the tail surfaces and their location on the fuselage
axis. Ry
The details of the tail surfaces are given in figure 4.
For the elliptical tail surfaces, the vertical surfaco is
identical with each of the horizontal surfaces. The
tail with end plates has approximately the same total
wetted area as the elliptical horizontal and vertical
tail surfaces, but its calculated total-lift-curve slope
wes predicted from the theory of reference 7 to be 84
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Fi1cURE 4.—Detalls of the tail surfaces—N. A, C. A. 0009 sections.

percent as large. Only very small fillets were used at
the tail surfaces (see figs. 1 and 2) because filleting was
believed unnecessary for the junctures employed. The
test results do not indicate that larger fillets would be
an improvement. Table V contains the descriptions
of the combinations (314 to 330) that make up this
investigation.

The combinations were tested in the variable-density
wind tunnel (reference 8) at a test Reynolds Number of
approximately 3,100,000, corresponding to an effective
Reynolds Number of 8,200,000 for Cy_,,. (See refer-
ence L) In addition, values of the maximum lift co-
efficient were obtained at a reduced speed correspond-
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ing to an effective Reynolds Number of 3,700,000. The
testing procedure and the test precision were about the
saeme as for an airfoil (reference 8). The three-com-
ponent balance of the variable-density wind tunnel
restricted the study of the vertical teil surfaces to the
zero-yaw condition.

based on the projected wing area of 150 square inches
and on the mean chord of 5 inches. The methods for
analysis of the test data and for presentation of the
test resulis are explained in reference 1.

Tables I and II, taken from reference 1, contein the
aerodynamic characteristics of the wing and of the
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FIGURE 8.~Characteriztics of midwing combinations with varlous tafl surfaces.
Tapered N. A. C. A. 0018-09 airfoil and round fuselage; kfcw0; {y=0°.
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FIGURE 7.—Eflects of tail setting on the eherscteristics of low-wing combinations.
Tapered N. A. C. A. 0018-09 airfoil and round fuselege; kfe=—0.22; 1,=0°.

RESULTS

The test results are given in tebles I, II, III, I1Ta,
and V supplemented by figures 5 to 10. Data from
previous reports are included for comparison. Addi-
tional derived data on tail interference and downwash
angle at the tail are presented in the text of the dis-
cussion and in figure 11. The aerodynamic character-
istics are given as standard nondimensional coefficients

i
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Fi1GURE 8.—Effects of wing vertical position. Tapered N. A. O. A. 0018-09 airfoil
and round fuselage; fu=0°; fy==0°.

fuselage, respectively. Table III, continued from refer-
ence 6, presents the sums of the fuselage character-
istics and interferences (AC;, AUp,, ACk,) for the
different combinations at various angles of attack.
Table 1Ila, continued from reference 8, presents the
sums of the characteristics and interferences of the
tail surfaces. The characteristics of the combinations
themselves can be determined by adding the correspond-

ing items in tables I, IT1, and I1Ta.
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Table [V of reference 1, which presents the data for
disconnected combinations (combinations for which the
forces on the components are measured separately), is
omitted herein as it is in references 2 to 6 because no
further tests of this nature were performed. The table
numbers are maintained as in reference 1, however, to
preserve the continuity of the published test results of
the interference investigation.

Table V, continued from reference 6, contains the
principal geometric and aerodynamic characteristics of
the combinations. The values df¢ and k/c¢ represent
the longitudinal and the vertical displacements, respec-
tively, of the wing quarter-chord axis measured (in
mean chord lengths) positive ahead of and above the
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tions with tail surfaces, however, the lift atu
* an arbitrary angle of trim,i. e, where Cn =,
is given instead.
aerodynamic-center position, indicating ap-
proximately the location of the aerodynamic
center ahead of the wing quarter-chord axis
as 8 fraction of the mean wing chord. Nu-
mericelly, no equals dCh,/dCy at zero lift.
For the combinations with tail surfaces,
however, n, is given instead for the arbitrary
trim condition, i. e., ab Cn,=

N,

Umo:
01’., Y

pitching moment at zero lift.
lift coefficient at the interference burble, i. e.,

quarter-length point of the fuselage axis. The value the value of the hft coeIﬁmenL bovond wluch
ey e :; 1 L L LI T ‘_——._06
el TTTT 11 | .—[ A ‘ 4,
$2 Camm | \ =i aaa=nil
I¥3 == -+ i Camb;naﬁm 230——=0 Combination H9——x T
Combinafion 328——x i - -t v o
s ] AR Ha Amiat ™
23 : g aR A 1553
:5"‘\: Combination 323— —O 7 C‘onw.fnofmn .3’/41'--l Comblhaﬁan J2C | L 03 g‘g
a1 NN Py 7 gz;g g
|| , L0 ] . - - Y
Dl . ,3 g
= Rb\«‘ . B . ] s = — 0
i . = 1 -
T T ! Ed
| ® Sl 258
} p 4 r_ — P —H ttht\.!
~ I = 4, T “r .’\L,— —.3:‘6%
7t -1 —#H €9
-, 4 4

-2 0 2 4 6 8 10 12 (4 /6 18-6

Liff coeffictent C:

FigUrRE ¢.—Effects of fllets on the characteristics of low-wing combinaticns.
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iy 18 the angle of wing setting with respect to the

fuselage axis and 1, is the setting of the tail surfaces

relative to the wing.
The last nine columns of table V present the following
importent aerodynamic characteristics:

a, lift-curve slope (in degree measure) as deter-
mined in the range of low lift coefficients for
an effective aspect ratio of 6.86. This value
of the aspect ratio differs from the actual
value for the models because the lift results
are not otherwise .corrected for tun.nel—wall
interference.

e, Oswald’s airplane, or span, efficiency factor.
(See reference 1.)

CD‘M“, minimum effective profile-drag - coefficient

(e

Reynolds Number.
optimum lift coefficient, i. e., the lift coefficient
corresponding to Cbp, . For the combina-

corfesponding to the fest
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FraURe 10.—Efocts of wing setting on the characteristies of midwing comblnations.
Tapered N. A. O. A, 001809 airfoll and round fuselage; kje=0; f,=0°.

the air flow has a tendency to break away as

indicated by an abnormal drag increase.
maximum lif coefficient given for two different

values of the effective Reynolds Number.

(See reference 1.) The turbulence factor

employed in. this report to obtain the effective

R from the test R is 2.64.

As in reference 2, the values of the effective Reynolds
Number differ somewhat from those given in reference
1 because of a later determination of the turbulence
factor for the tunnel. The values of the eflectivo
Reynolds Number given in reference 1 can be corrected
by multiplying by 1.1.

The data thus presented for the combinations with
tail surfaces are directly applicable to design purposes
only at the attitude for trim, thatis, when the pitching
moment about the center of gravity is zero. At other
attitudes, the conditions of the tests cannot be repro-
duced in steady flight. The most importapt inter-
ference effects for tail surfaces, however, should be
satisfactorily indicated over the range of lift coefficients
by these results,

G

'mex’
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DISCUSSION

LIFT

The horizontal tail surfaces at constant setting add to
the lifting area of a combination and should therefore
increase the lift-curve slope. For the combinations
tested, the gain in lift-curve slope amounted, within the
limits of the test accuracy, practically to the value that
would be calculated from the lift expected of the tail
operating alone as a wing, the downwash and the wake
interferences being neglected. The observed increases
in the maximum lift (table V) naturally cannot be
considered real as they were obtained with undefiected
elevators and highly unbelanced pitching moments.
The effect on the maximum lift of the interference of
tail surfaces with elevators deflected is outside the scope
of this investigation.

DRAG

The experimental increments of the minimum drag
coefficients of the combinations due to the semiellip-
tical tail surfaces at 0° setting (0.00035 to 0.00055 per
surface) agree within the test accuracy with a value
estimated from section characteristics and the wetted
area (0.00045 per surface). This agreement shows that
no large resultant interference effect of the tail surfaces
could have been present. The horizontal tail surfaces
set 4-4° show larger contributions to the minimum drag
than those set 0°, but the differences are generally too
smell to be important. (See table V.)

Over the range of low to moderate lift coefficients,
the variation in the drag increment also was unimpor-
tant for two of the tail settings investigated (0° and
—4°) and, moreover, was often favorable (figs. 5, 6,
and 7). For a tail setting of 4°, however, this varia-
tion was appreciable and adverse.

From the foregoing considerations it can be concluded
that, with regard to the high-speed or cruising drag,
cleanly constructed tail surfaces within the normal
range of tail settings may be satisfactorily allowed for
in design by simple calculations based on section char-
acteristics and the wetted area, neglecting interferences.
Incidentally, the data indicate how low a drag should
be expected from cleaning up the conventional airplane
design. The value of 0.0185 (R=3X10°) for the effec-
tive profile-drag coefficient for combinations 314 and
315 (fig. 5) at & Cp of about 0.3 represents the drag
obtainable for a small airplane. In view of the tur-
bulence present in the air stream of the variable-density
wind tunnel and the unevaluated part of the support-
strut interference, this value is believed to be conserv-
ative. Extrapolation of the drag values given in this
report to higher Reynolds Numbers can be made by
the methods described in reference 9.

PITCHING MOMENT

The horizontal tail surfaces are employed to provide
stability in pitch. They form whet is essentially an
209142—40——45

airfoil operating under the influence of an interfering
body, the wing-fuselage combination. The most im-
portant interferences at the tail may be separated into
two effects: that on the flow direction, or the down-
wash; and that on the flow velocity, or the wake.

Downwash and wake,—\Vhen the wing-fuselage com-
bination is lifting, the downflow components induced
by the vortex patiern in the air stream reduce the
effective angle of attack at the tail by an amount
referred to as the “downwash angle’ e.

The evaluation of e is necessary in stability calcula-
tions. A method exists for the prediction of the

T T
| Volues predicted by n!vefﬁlod o'f
réference /0| | |
| |o— —£Experimental values; elliptical
tail surfoces | .
x-=-=—=F xperinenta! values; tail surfoces
| with end plates
8
/?Q
L /,C
4 e el
o]
S | 4T High-wing combination 312
o
3
- L
\g, =4 ,:*( —
§ 4 9”::4
“+ ] % <~
5 =t
'%0 L=RT" " |Midwing combinations /4 and 3/6
=
8
g Lo
- A
4 L1 -
— T o]
L1 1°"Low-wing combination 3/3
(7] — -

2 4 G .8 . L2
Lift coefficien?, C.fforl surfaces removed)

F16URE 11.—Comparison of experimental and predicted values of the downwash
angle at the tafl, Am~g.86.

downwash angle at the tail associated with any type
of wing (reference 10), but the amount that e is modi-
fied by the interference in a wing-fuselage combina-
tion remains to be found. Figure 11 gives a compari-
son of values of the average downwash angle over the
tail span as calculated by the method of reference 10
end as derived from the experimental results for the
elliptical tail surfaces on the high-wing, the midwing,
and the low-wing combinations. Experimental values
of e for the tail with end plates on the midwing com-
bination are included. The method employed to
obtain the experimental values was as follows: At each
specified angle of attack, the rate of change of pitching
moment with the angle of attack of the tail was deter-
mined from the pitching moments for tail settings of
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—4°, 0° and 4°. Next, the change produced in the
pitching moment by adding the tail surfaces was divided
by the rate just derived to give the effective angle of
attack of the tail. The experimental value of the down-
wash angle ¢, then, was the difference between the geo-
metric angle of attack of the tail and its effective angle
of attack. This procedure avoided the complications
of the wake interference and the tail effectiveness.

It can be seen from figure 11 that, for the elliptical
tail on the symmetrical midwing combination, the
agreement between the predicted and the experimental
downwash angles is good over the range of low to mod-

erate lift coeffcients, Apparently, the interference of.

the fuselage and the junctures was negligible. For the
high-wing and the low-wing combinations, the agree-
ment is poor. The discrepancy, however, is prac-
tically constant, therefore of little importance in sta-
bility calculations, and is of opposite sign for the high-
wing and the low-wing combinations. Apparently, at
zero lift the teil surfaces have already an initial effec-
tive angle of attack of approximately 0.8° for the low-
wing and —0.8° for the high-wing combinations. (See
pitching-moment curves of figs. 6, 7, and 8.) The
geometrical asymmetry, then, produces an initial de-
viation in the flow at the tail impossible to derive {rom
a theory that considers only the wing. A comparison

of figures 7 and 9 shows that most of this interference.

is chargeable to the fillets. The same effect can be
produced, however, by other sources of asymmetry,
such as wing setting. (Cf. curves of pitching moment
in fig. 10, and also Cp, for combinations 314 and 322 in
table V.)

Figure 5 shows that, for zero tail setting and at low to
moderate lift coefficients, the tail surfaces with end
plates produce as large a change in the pitching moment
as the elliptical tail surfaces, indicating that they should
have as high a slope of the total-lift curve. The slope
for the end-plate tail, however, has been calculated to
be only 84 percent of that for the elliptical tail. This
calculation appears corroborated, moreover, by the
change in the pitching moment-at zero lift developed
by the end-plate tail, corresponding to a change from
0° to —4° in teil setting, which was also about 84
percent of the change produced by the elliptical tail
(fig. 5). The apparent inconsistency may be explained
by the experimental, end unexpected, circumstance
that the average downwash angle affecting the end-
plate tail was slightly less than that affecting the
elliptical tail and balanced its lower lift-curve slope.
(See fig. 11. Refer slso to pitching-moment curves in
fig. 5.) No explanation for this difference in downwash
is offered. Further investigation of teil surfaces of dif-
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ferent geometric characteristics may provide & better
understanding of the nature of such interference
phenomena.

Stability at the stall.—The problem of obtaining sat~-
isfactory stalling characteristics is commanding atten-
tion in connection with the refined present-day mono-
planes. An essential feature of a satisfactory stall is
that it give ample warning, associated preferably with
rapidly increasing stability in pitch. TFigure 9 presents
the gerodynamic characteristics for a low-wing unfilleted
combination of moderate aspect ratio (see fig. 3) that
employs a common method of achieving such & stall, an
interference hurble (see reference 1); the burble oc-
curred at a lift coefficient of about 1.0, which is above
the climbing range, and resulted in a loss of downwash
at the tail. As the angle of attack was increased, the
lift continued to increase slowly to the maximum but
the diving moment and the drag rose precipitously,
insuring a steeper glide path, an appreciable increase in
stability in pitch, and thus a warning of the approaching
stall. It is understood from flight results that some
tail buffeting may occur simultaneously; this buffeting
is an unmistakable warning that cannot be overlooked.
The interference burble can be delayed to a higher lift
coefficient, if so desired, and the cost in maximum lift
and minimum drag can be reduced by small fillets.
The use of the interference burble is therefore not
necessarily a makeshift solution in the design of air-
planes for acceptable stalling characteristics.

Tail factor.—The tail factor, n,;, may be defined as the
ratio of experimental to calculated changes in the pitch-
ing moment—due to the horizontal tail surfaces. The
calculated changes may be derived from the geometric
and the aerodynamic characteristics of the tail surfaces
with due sllowance for the downwash angle and the
flow velocity at the tail as affected by the weke. Ordi-
narily, the factor is derived from the experimental
and the calculated changes in the pitching moment of
the combination produced by differentsettings of the
tail surfaces for a given angle of attack of the wing.
This procedure avoids the complications involved with
the downwash angle at the tail. Such a derivation re-
sults, however, in a factor corresponding to a varying
angle of tail setting rather than one for a varying angle
of atfack of the combination as a whole. The inter-
ferences associated with various tail-surface seltings
might possibly differ, and hence the factor as ordi-
narily obtained would not strictly apply to stability
celeulations for which the teil changes angle together
with the combination. As will be shown later, how-
ever, the variation in tail factor over a moderate range
of angles of tail setting is generally unimportant for
combinations such as reported herein.
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If the tail factor is derived as described, it will differ
from unity by an amount proportional to the unevalu-
ated interference. Reference 10 contains methods of
obtaining the interference behind the wing. The
interference with a fuselage present remains to be in-
vestigated. The following table presents a comparison
of tail factors for various combinations with allowance
made for the interference of the wing alone in accordance
with the methods of reference 10.

COMPARISON OF TAIL FACTORS FOR DIFFERENT
WING-FUSELAGE COMBINATIONS

Tall factor, dCu,,\ duetotall

(averaged for A FL ) surfoces
Combi- | kfe [ 1 1,=0° to +=4°) L
nation {deg.) | (deg.)

a=0°{a=4’|a=12"| a=(® am4® a=12°
Ellipticsl tail surfaces
4. .. 0 0 i) —(0.128 { —0.157 | —0.202
315 0 0] —4 }°-°° 0.811 0.81 1" Tyor | —l1s6| —.198
327l 22| 0 79} .82| .00 —l18d| —lm8| -z
az__| .22l o o8 Bh-e| —m| 20
326..__. i ] —4 | .81 .82 B0 ~—.1687 ] —.180 | —.213
330..--. —. 22 Q 4+ 81| .81 00 —.188F —. 146 —.191
st j—2| of off B XM _e) —m] —am
328 __ - 22 3 —4| .70 ] 840 —.152| —.183] —.1851
Tail surfaces with end plates

318.._.. 0 1] 0 —0.132 | —0.160 | —0.164
317, o o —%[joez|ose| s ({70152} 010 0100
1 From reference 6.

Notice that %, is practically constant for the sym-
metrical midwing combinations over the range of angles
of attack investigated. For the high-wing and the low-
wing combinations, the factor shows greater amounts
of unevaluated interference at low angles of attack than
for the midwing combination. Most of the difference
is believed to result from the asymmetry introduced
by the fillets. (Notice in fig. 9 the reduction of slope
in the pitching-moment curve associated with the
fillets.) It appears, therefore, that a knowledge of the
interference behind a wing alone is insufficient for cal-
culating the effectiveness of tail surfaces in combina-
tions. Until furtber research more fully evaluates the
interference at the tail of combinations, estimates
based upon test results, such as in this report, must be
relied upon in stability calculations.

The values of 4, given are obviously averages for the
two tail settings employed in each derivation. For any
combination chosen, at a specified angle of attack, the
downwash angle and the wake interference may be
assumed unchanged for various tail settings. Under
such conditions, & varistion in the change produced in
the slope of the pitching-moment curve by adding tail

dCy . . . e e . .
surfaces Al %‘—) is & direct indication of a variation
'L

in the tail factor. From the columns of A {3—8’“) in
L

the preceding table, it can be concluded that the tail

setting did not, in general, greatly affect the tail factor

at the lower lift coefficients within the range investigated
and within the accuracy of the data. It appears, there-
fore, that a factor derived from a small range of tail
setfings is reasonably applicable to horizontal tail
surfaces that change angle together with the combina-
tion as & whole. Check calculations with the data
using factors so derived corroborated this conclusion
by correctly predicting the curves of pitching moment
produced by the tail surfaces.

The factors of the tail with end plates in the
symmetrical midwing combination are practically the
same as those of the elliptical tail. (Cf. also values
of A(——dgg“' ¢ ).) This agreement indicates that the

L
unevaluated interference is not intimately connected
with the geometry of the tail surfaces themselves.

CONCLUSIONS

The results of the present tests show that:

1. The increment of the drag in the high-speed range
caused by adding teil surfaces in the normal range of
tail settings to clean combinations can be estimated
within useful limits of accuracy from the section char-
acteristics and the wetted area, the interference being
neglected.

2. The interference of the fuselage In symmetrical
midwing combinations on the downwash angle behind
the wing is small.

3. The effect of asymmeiry in the combination is to
introduce a corresponding initial deviation in the air
stream at the tail.

4. The effective downwash angle at the tail may vary
somewhat with the geometry of the tail surfaces under
consideration.

5. An interference burble for 2 combination of wing,
fuselage, and tail surfaces may be considered a satis-
factory means of producing aceceptable stalling charac-
teristics.

6. For combinations such as were investigated, large
fillets at the tailsurface junctures are unnecessary.

7. Knowledge of the interference behind the wing
alone is not sufficient for evaluating the effectiveness of
tail surfaces added to wing-fuselage combinations.

Lanerney MEeMORIAL AERONAUTICAL LABORATORY,

NarioNan Apvigory COMMITTEE FOR AERONAUTICS,
LancLey FreLp, VA., November &, 1988.
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TABLE I __
AIRFOIL CHARACTERISTICS
CL Cp, Cr L Co, Co oy Cr Cb, Cun *
Alrfoll -
a=0° B amq® om=]2%
Tapered N, A, C. A. 001809 _____..___. 0.000 0. 0003 0. 000 0.305 0.0009 0. 008 0.910 0.0146 0.013
TABLE II
FUSELAGE CHARACTERISTICS
CL Co Cndd | Co Co | -Cuypt Ct Cp | Cupt Cr Cp Cony! c Cp Conpt
Fuse- En- 2
lage | glne a=0° a=d® =gt a=12° a=10°
Round.| None_.| 0.000 0.0041 0.000 .| 0.001 0.0042 0. Olﬁ- 0.005 €. 0049 0.028 0.011 0. 0062 0.038 0.019 0. 0085 0.038
{ Pitching-moment coefficlent about the quarter-chord point c;f the tuse_lage.-
TABLE IIT TABLE IIIa

LIFT AND_INTERFERENCE, DRAG AND INTERFER-
ENCE, AND PITCHING MOMENT AND INTERFER-
Eﬁ%IEOJ%g FUSELAGE IN WING-FUSELAGE COMBI-

Com- ACL | ACp, | ACmy, | ACL ACD‘ ACw,y | ACL | ACD, | ACwm,y
bina-
tion am(® anrd® am]2®
0.003 | 0.0024 [—0.008°| ¢.023 | 0.0024 003 | 0.042 | 0.0040 | 0.012
319 |—.016 | .0024 | —.023 {—.00L | . —.016 | .030 | .0040 | —.009
321 {—.020| .0028 | —.022 |—.004 | .0027 | —.006 | .019| .0085 | —.002
306 008 | 0020 | — QUL [ .06 | .03 L0083 | .044 | .0059 012
307 {—.008 | .002¢ .00L ] .0I3| .0028 .005 | .03T | .Q044 .0n
308 |—.017 | .0026 Q00 |—.0i1 | .0027 017 §—.004 | .0052 032
300 0171 .0025 | —.000 036 | .0027 | —.004 | .046 0047 008
187 000 | (0031 — 008 026 | .0036 —.00L| .020 0060 010

-LIFT AND INTERFERENCE, DRAG AND INTERFER-
ENCE, AND PITCHING MOMENT AND INTER-
FERENCE OF TAIL SURFACES IN COMBINATIONS

Com- ACz. ACp, | ACw,, | ACL | ACp, | &Cw | ACL | ACD, | ACw,,

bina-

tion a=0° amd® am]20

810 | 0.005 | 0.0011 | 0.009 | 0.030 | 0.0012 (—0.050 | 0.087 | 0.0025 |—0. 190
8 006 .0011 | —.009 | .022| .Q0L5 )| —.002] .078 | .0041 | —. 160
312 {—.003 | .0007 .020 | .027 | .0008 | —. 087 | .083| .0Q15 | —. 178
313 .008 | (0007 | —. 030 | .027 | .Q014 | —. 078 | .06L | .003§8 | —.171
314 | .015| .00IL 003 | .038 1 .0018| —.043 1 .007 | .0040 | —, 167
815 |-~.035| .0018 | .107 |—.007 | .0010 063 | .040| .0000 | —. 082
318 015 | 00141 008 | .087 | 0017 [ —.048 ] .09L | .0031 | — 152
g}; —.019 | .001¢ L0883 | .000| .0013 040 | L0546 [ L0010 | —.058
820 003 [ .0015 | —. 010 038 | .0015 | —.05¢ | ,075 | .0033 | —, 161
322 .008 | .0013 | ~.016 | .08L] .0016 | —.067 | .07¢| .004L | —. 164
828 |—.087 | .002 .08l |—.017 | .0017 035 | .022 ) .0027 | —.058
324 006 | 00141 —.008 ] .020( 0015 | —080} .076 | .002B[ —, 161
325 010 ) L0010 J006 | .03¢ | L0018 | —.042} .0 | .0036 | —. 104
326 |—.050 | .0016 125 |—.082 ) 0008 .068| .06 | .0007 | —. Q01
827 042 | 001851 —. 082 | .O71| .0027| — 142 | .128| .0058 | —. 283
928 |—042 | 0018 L0682 |—.021 | .0000 L020| L0201} .0010 ; —.000
820 |~—.038 | .0015 107 |—.017 | .(0008 L0465 | 038 | .0021 | —.C68

L0506 | 0015 —. 1251 .075| .0033 . 178 us| . -. 281
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TABLE V
PRINCIPAL AERODYNAMIC CHARACTERISTICS OF THE COMBINATIONS

Litt ¢
Angla| Tift- ey
Lohr;: Vertl-f of | carve | Span Af'f cﬁgﬂ'

D esenting combin Com- Kina1| cel | wing | slope | e |4 narie- t | Effec- | Eft
lagrams repr g combing.  |ping. Remarks post- | set~ er |cleney!| “p Cs Cn a ec-
tlons tion osl- | 4o | ting 3 | tactor *min st | center- v | inter- | tive tive
He bl e ) B

e 1y urble X

(deg.) [A=8.88 105, | 106 08

Tapered N. A. C. A, 001809 airfoil with round fuselage

_____ Wing alone......_.._. 0.077 | 0.00 | 0.0083 | 0.00 } 0.020 ; 0.000 | AL 4] oL48] sl 23

(From reference 2.) Ta-
ggrjed) fillets. (Plaster 0 0 0 L080 3.8} .0117} .00 .026| .000| ALS| e1.52| sL27

Tapered fillets, Vertieal

!

3i4 and borizontal tall sox- 0 0 0 .086 | 8.8 .0128( €602 (7. 100! .002 AL.7T} oL73 | °L47
surfaces, f;=0°.
{,=—4°; otherwise same as
. _ 315 'eombinatlonmi. (] 0 ) .087 | Fo0) .0133| 8.82)|7—.156| .102 41,6 | =1.62|2L34

Tapered fillets. Tell sur-
316 Laceso with end Dlates. 0 0 0 L0886 | 4.85) .0132| €02 |T—.088| .00L ALG | .87 |sL 40
-0,

i

g1y | b —4iotberaisesameas | i o o .os7| neof .oms¢| evs|r—.12m| .0s6| 16| sLe2|eLas

'
€

‘Washed-out fillets. Vertl-
318 eal and horizontal tafl 0 0 4 .086 §.85 | .0142 |6— 33 |T—. 120 {—. 0 AL 4| el 43| =L 38
surfaces. fs=0°

310 | Symmetricaltapered fillets.] 0] 0 £§ .0s0| 485 .om7| .oz .02 |—.02t| aALs| eL35| L35

i

Same as combination 319
'-@:—- 20 | Dovontal tan surmess.| 0| O 4] .087) &85] .0182 [6—.29 |7—.135 {—.033 | AL68| 63| *L34
821 0 ] 4 .030 4,85 .0120 .02 (3i |—.021 41,51 el 50 | sL22

L

gog | Vorticaland horlzontaltell | o | gf 4| Lesr| «ss| .om3 |~ s2f—116{-.030| are| eLev|eL3s

——g0
= N_._ gop | b Ajotbarwise sameas | g} o) 4| Lose| ses| .0m8) epifi—110| .082] Are| eLe0|sLa:
e 8 apg | TAD sutfacos with end| o| 0| 4| .os8| g5 .01 fe—o8[— 114|032 | ALg| eL65 |03

325 | Topered llets. Horontal | o o o .os6| ss| .om2r| wog|—.0sT) .005| sL7| eL72|eLst

— | s | rom reference 6) Te-| o} sa| of .o .| .0:22|~02| .c2(—001| 46| eres|eL3s

(From reference 8.) Ta-

312 | ° pered fillets. Horlzontal | 0] .28 o] .osr| ses| .om2e| e1afr—1as| .o19| ars} erst|srLso
tafl surfaces. 1,=0°.
!
i sp | b A otharwisesamess | o 22| o) .oss| %85| .0137| errr—106} .16 | AL7[ er7s|sLus
agr | bk otherwise same as| g | .m o| .oss| sso| .o133 p—61i7—. 125 |—.0r7 | 418 | e8I | w130

s | (Bfom, reterence e | 0f .22) of .om| nes| .oms|—o3) .ou| .om0| aLs| sLss|az

IIERRE

(From reference 6.}
Straight-si

dww- o] .22 0 .08s] 85| .0128| s13lt— 127 | 016 AL7| eL75|sL46

310}  Horizontal s
f.=0°.

Bee footnotes at end of table.
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TABLE V—Continued
PRINCIPAL AERODYNAMIC CHARACTERISTICS OF THE COMBINATIONS—Continued

Litt- Lift Clpes
Lon- |yors | “0F ° | curve Bpan Asro- ogef-
Con- §tu-| ‘cal | wiog | alope | eff- dy. clent
Diagrams representlng combing. | Ho Remarks ingl! O | Reit P | etomay! o ¢y |nemie-| . at | Effee- | Effee-
tlons tion %‘f" on | ting eg.) factg{ “min e»t | centar ¢ | inter- | tive | tlve
o | | e | S 1 oo tomate| 25 | 2
e k] ur 3 .
(deg.) |AmE.86 e | M | N
Tapered N, A. C. A, .0018-0% alrfoll with round fuselage
- - S meel .- T T - P iy —_ I i 1 =
(¥rom reference 6.) Ta- .
— (1 a7 | (o Aiste, oj—2s| ¢ .08 ess| .22 .o3| .os| .o0r| aLg| erns7|sn2e
= > 313 | Cpored Mletsr Hoptzontal
e1s. | -
pered fhets. Horke ol-22l ol .oer! =ss| .o [s—as|r—1or |0} sn7] eumfenar
3 - o | fo=-—4°; otherwise same as
Cae= -2 | | b lthavie 0j—22| ol .| sss| o3| ver|—12| .077] are| eros|er3
e > 187 | (From reference 1)..-._..... o|l-z=| ul| .om| .85 .oi¢|—.02| .oo0)-008| o) erss}eLm
Cam o= || 0| Hprieontel tall surfaces. |\ o p9| | .os5| 600 .om0| 660 |7—157| .096| BL0| sréz|e12
e 2op | fs=4°; otherwise same ag
Ce=o = | 0| ol otherwise 0(—.22| | .088| u80| .017|e—77|r—.260 |—.115 | 4LE| eL74|sL38
] . (From reference 6.) _ :
L 20 | O n Shde romoturee, 0|22 | .o 48| .ous| .03 .o4x{—010| AnLs| sns0|sn3
R (Fsromhéféerence 6.)
re e Junc N
(e st gf‘or:‘e[fonm o yfuactures. | o | GJ (086 | 85| .018 [e—13 |17 125 018 [ Are| sco|sLio

1 Letters refer to types of drag curves assoclated with the interference barble as follows:
[

qu 'Qn- ,’
CAL/ G |" G,
[ T
G [ )
Type A Type B Type C

" C’ Letters refer to condition at moximum !ft as follows; =. reasonably steady at CL““; b, gmall loss of 1ift beyond CL-u; «. large loss of lift beyond C'z._u and uncertaln value
of Cy, .

maz.

3 Poor agreement {n high-s| range. i Poor agreement In high-li{t range.
4 Poor agreement over whole range.  YCrat Cm ™0 for combinations with tail surfaces.
7 nymdCn, JdCL 8t Ca , =0 for combinations with tall surfaces.



